Mechanism of site-specific protein labeling
. Schematic showing the chemoselective reaction between the cysteine residue at the N terminus of the target protein and thioester-containing small molecule probe, leading to the formation of a covalent protein-probe adduct.
Probe synthesis
Full experimental details of the design and synthesis of the probes have been previously reported. [1] Since the outer membrane of Gram negative bacteria restricts the diffusion of molecules larger than ~ 650 Da, we kept the size of our probes within this molecular weight limit. [2] 3. In vitro labeling of benzyl-thioester probe with cysteine proteases
In order to determine site-specific nature of the labeling approach (only toward N-terminal cysteine of a protein), control experiments were carried out with pure cysteine proteases (which possess an internal active-site cysteine residue) that were incubated with different concentration of the TAMRA-thioester probe 2 (5, 10, 20 and 25 µM)
for 30 min at 37 °C and analyzed by in-gel fluorescence imaging. Faint nonspecific labeling of TEV was seen at probe concentrations >10 µM when samples were analyzed after boiling in DTT-containing SDS-sample buffer. However, we did observe labeling of TEV with 5 µM of the probe when DTT-free SDS sample buffer was used.
It is likely that non-specific labeling of TEV can occur under conditions of high concentration of the probe and/or protein (see section 7B for further discussions). 
Cloning, expression and purification of MBP fusion proteins
Standard cloning procedures were followed for the generation of all expression constructs. [3] All constructs were verified by DNA sequencing.
Mouse dihydrofolate reductase (DHFR) and glutathione-S-transferase (GST) were expressed as fusions to the maltose binding protein (MBP) using the pMal-c2X vector (NEB, USA). The TEV recognition/cleavage sequence ENLYFQ↓C (P 1 ' residue was changed from glycine/ serine to cysteine) was appended in the linker region between 
Cloning and expression of TEV
For controlled intracellular processing by TEV, both the TEV and the substrate fusion (MBP-fusions) had to be expressed in the same cell (see Figure S11 for example). Since the catalytic domain of TEV has a propensity to cleave itself in vitro between residues 218-219 to yield a truncated enzyme with greatly diminished activity, [4] a site directed mutagenesis was done to alter the serine at the autoproteolytic site to asparagine (S219N). [5] For expression, overnight cultures were diluted in fresh LB media containing 34 µg/ mL chloramphenicol and grown to OD 600~0 . 4 As shown in Figure S6B , TEV was highly efficient in vivo with 90-95% of the fusion being cleaved at any given time. 
C. Labeling of N-terminal cysteine-containing proteins with other probes
Besides DHFR, we also did a time course for in vivo labeling of GST under identical conditions of growth and probe concentrations. A fluorescent band corresponding to N-terminal cysteine GST was seen within 30 min of cleavage and labeling ( Figure   S8A ). Together with DHFR labeling, this result indicates that the method to label Nterminal cysteine protein is general and can be applied to any target protein that has been suitably modified with the TEV recognition and cleavage sequence at the Nterminal.
Apart from TAMRA-thioester probe, we were also able to demonstrate the successful in vivo biotinylation of DHFR using the biotin-thioester probe. However, in immuno- Figure S8B ). [6] Thus our method provides an easy access to a pool of biotinylated target protein(s) that can potentially be captured from the cellular lysate onto avidin slides for generation of protein microarray in which target proteins are immobilized site specifically via the N terminus.
[7] 
Optimization of labeling conditions
To address the issue of TEV labeling (section 7B), we optimized the conditions of IPTG used for in vivo cleavage and labeling. At high concentration of IPTG, besides the N-terminal cysteine containing target protein, TEV was the major labeled protein.
Some non-specific labeling was seen (when samples were analyzed with DTT-free SDS sample buffer) but in all likelihood these intermediates are transient in nature
and not real macromolecular labeling. Only the reaction between the thioester moiety of the probe and the N-terminal cysteine results in the formation of a stable peptide bond. This is further validated by the fact that such background labeling was not seen when samples were analyzed after boiling in DTT-containing dye. [8] Furthermore, the non-specific labeling of TEV was almost absent when induction was done using 0. The green fluorescent protein variant cloned at the C terminus of FtsZ is GFPmut1 which has a highly shifted excitation maxima and folds more effectively than wt GFP -properties that contribute to an increased fluorescent intensity. [9] GFPmut1 was µM IPTG (for TEV). Under our experimental conditions, these concentrations of arabinose and IPTG were found to be optimal for protein expression and labeling (see below). M9 media has been extensively used to study FtsZ gene expression. [10, 11] Growth in M9 minimal media resulted in an increase in doubling time from ~20 min (in LB) media to ~ 80 min. However, this change in growth rate does not alter the levels of FtsZ as indicated in a previous report by Levin and coworkers. In E. coli, the formation of the cytokinetic ring is governed by changes in the polymerization kinetics FtsZ during the course of the cell cycle rather than by oscillations in intracellular concentrations . [11] Next, we optimized the FtsZ expression levels such that the Z-ring formation by the FtsZ protein can be observed under our labeling conditions. Since overproduction of FtsZ at levels only 2-7 fold higher than wild type from multicopy plasmids have been known to result in minicell formation, [12] we used a P BAD vector system for FtsZ expression studies. Unlike strong promoters like P lac or P TAC , P BAD allows tight regulation and expression can be modulated to near endogenous levels with varying concentrations of L-arabinose. [13] In order to ascertain the expression conditions, we used varying concentrations of L-arabinose ranging from 2 X 10 -5 % (wt/ vol) to 2 X This happens randomly from cell to cell in a population and is a largely nonreversible process [14] and 2) the ER2566 strain used in these studies is ara + and hence can lower the concentration of the inducer as they grow since these cells can metabolize arabinose and use it as a carbon source.
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